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ANADROMY IN NORTH AMERICAN SALMONIDAE

By GEORGE A, ROUNSEFELL, Fishery Research Biologist

! BUREAU OF COMMERCIAL FISHERIES

In discussing the anadromous pattern of the
snlmonxds, inevitably the question of landlocked
versus anadromous species or varieties arises.
Intelligent diseussion of this question demands

p that the terms be at least tentatively defined.
The word “landlocked’ as it is and has been used
19, of ecourse, a misnomer in the majority of cases:
only rarcly is a population denied access to the
sen.  Offhand I can recall only two specific cases.
One involves the ponds of Cape Cod, many of
which lack an outlet, the excess runoff draining
into the sandy soil; the other the rivers in Baja
California, which for most of the year disappear
mto thewr stony watercourses. Thaese rivers of
the Sierra Madre of Baja California are the home
of the famed San Pedro Masrtir trout, Saimo
gairdneri nelsons.

-:‘;1— P

i Of course, many salmonids live above impass-
-4 able falls. Such fish are not technically land-
b locked insofar as access to the sea is concerned.
. However, they are iselated in thatl any individuals
¢ which migrate downstream can never return.
Such a situation is favorable to the development
of resident races of a species. The more-usual
- situation is for so-called landlocked races or
~#pectes to oceupy streams or {akes with access to
v 7 the sea freely traversable in both directions.
53 Furthermore, in many cases both resident and
Bl - anadromous salmoiids, even of the same species,
¢ may occupy the same walers for at least part of
+ - the year.
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-3 The term “anadromous” is likewise difficult Lo
e § define with a nice degree of exactitude, It is all
5 very well to say that it means “up-running,” but
i before a fish can run up it must first establish
. z-Tesidence in the sen.  In snadromy, one is con-
;f,-_"_r%;_'l‘ﬂutml with a surprising divergence,  The typical

r'. i -
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i _E;»f:hft‘- history of the anadromous salmons of the

% g 8enus  Oncorhynchuv-~the five eastern  Pacilic
& mlmons—includes from loss than 1 year lo 4

e Note.—Approved for pblleation, March 17, 1987, Fishery Dulletin 131,
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vears at sea, with the average probably a little
more than 2. The anadromous members of the
vonus Salmo-—salar, gairdners, elarki, and frutia,
the Addantie sshnon, the steelicnd ratnbows and
cutthroats, and the Kuropean sea trout—hkewise

‘usuglly spend about 2 years at soa before reaching

maturity.

There is another group of salmonids, the charrs,
in which certain stocks usually regarded as anad-
romous typically spend only a small portion of
each scason in the sca. These include Salvelinus
malma, the Dolly Varden charr, and §. fontinalis,
the eastern brook trout, or more properly, charr,
the sea-run members of which are known locally
as sea trout or ‘‘salters.” Salvelinus alpinus, the
alpine, red lske, or arctic charr, while a fresh-
water resident in the southern part of its range,
also migrates to the ses in the Hudson Bayv and
arclic regtong.  Dolly Varden charr of the Karluk
River on Kodiak Island, Alaska, were found to
spend less than 60 days a year in the sea,

A few species either rannot reproduce, or cannot
do so with suflicient success to maintain a natural -
population, without residing for some time m a
marine environment. These species might well
be termed “obligatory anadromous.” This group
includes at least two of the Pacific salinons: the
pink, Oncorhynchus gorbuscha, and the chum, 0.
keta. 'The king salmon, Q. tshawytscha, perhaps
should be included. Chamberlain {1907) tells of
king salmon being raised generation after genera-
tion for 25 vears in fresh water at the Trocadero
Aquarium in Paris. 1 have adentifiecd as (A
tsharwytscha a salmaon frv colieeted by Dr. Herbert
Warfel in Newfound Lake, New Hampshire, from
natural spawning.  Although there s hittie doubl
that under exeeptionally Tavorable circumstances
king salmon ean mature and reproduce wholly 1n
fresh water, there is seriotis question concerning
the chanees of sueeessful maintenanee of a natural
population.  Commeneing as carly as 1904 nu-
merous piants were made in many New Hampshire
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lakes, as well ns in other New England }:ﬂl{{‘.ﬂ..
Floover (1036) savs, “they have never established
a scl-sustaining population in fresh or ﬁ:}“- wul.m;:
elthor in Lhis state or elsewliere in New F..nglnmf.
Therefore, | elussify the king salmon as obligatory
adromous.

““"Il'tll::ﬁiiwr or coho salimon, (2, kmuirch', has shown
little tendeney to develop nnt.uri}l resident fresh-
water populations in North America. Jordan and
AMeGreeor (1925) deseribe " I&I:&E“D[‘-kt‘(i ﬁ_ﬂlfﬂ?}ﬂ
from Japan, 0. ishikawee, which 1s assumed t.? e
4 dwarf form of @ kiswtch. 1n Montana (U. 5.
fich and Wildlife Serviee, 1951} success has b{"t:l'i
cluimed in holding and maturing sitver salmon
fresh waloer. |

v Craler Lake, Oregon, young silvers, €.

Lisuteh, were planted to  furnish frnsh-wu.‘t.-ﬂr
angling.  Although there are no stream spawning
bods available and only steep talus slopes of
coarse rabble in the lake, both the silver sﬁulmun
and rainbow trout reproduced naturally in the
lnke, according to Hasler and Farner (1942).
However, Wallis and Bond (1950) show mthiﬂr
conclusively that although silvers were planted n
the lake it was the kokenee (0. nerka), the small
landlorkel form of the sockeye Hﬂ[mm'l,. _t.ha,t
actually reproduced. Kokanees were not Gﬂ'lﬂlfi.“}’
pmnted in {he lake but were intrmluceq, possibly
hy aecidental mixing with silvers in rearing ponds.
Dwarfed, landlocked silvers are reported from
Becharof Lake in the Egegik I?wer system of
Bristol Bay (personal communication from George
J. Facher, Jr.).
i %t:{rh;* nf)tlmse oceurrences in fresh w:::ier we
believe that O. kisutch should not be classified as
obligatory anadromous, | |

The sockeve salmon, 0. nerka, 18 tlr}e only one
of the five Pacific salmons on this continent about
whieh there is no doubt that it can successfully
maintain populations wholly in fresh water.

To bring out the differences in degree of ﬂ,nml_m—-
mv in the Salmonidae, one can compare the pink
salmon with theé lake charr, sometimes caled f-he
1oue or eackinaw, At the one E‘Ht-l‘i‘l'ﬂ[‘,.t.h{‘ pink
suinnn in some localities spawn in the tidal ﬂntrs
off the ouths of streams so that many pass their
entire lives without entering strictly fresh water.
Al the other end of the scale, the lakn‘rhﬂrr s
rarely leave fresh water that the nn];r? lnstunrros
recorded (Ungava Day and vicinity, Weed 19:34)
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arc not catablished bevond n I‘{‘llﬂﬂl'lﬂ.hl[‘!‘llﬂ’flht_
However, Fred Cleaver (personal communication)
states Lhat he has a photograph of a lake chary
caught in 1938 at the head of tidewater on I!m *
Naknek River in Bristol Bay. These (wo ?nt.ﬁ
of evidence sinuggest that perhaps namayeush 1S A
rare visitor to the sea in the northern part pi s
range. |

Between these two extremes there are several
points at which one can dmw‘ a8 Iin.e, always bear-
ing in mind that the Salmonidee is An extremely
plastic group, so that what we are saying may not
always apply to some small segment of a species.

As alrendy noted, the eharrs tend to spend only
short periods at sea, and f urthnrmm:e, all the charrs
can develop normally without going to sea. In |
Alaska there are many streams in which most of
the Dolly Varden charr go to sea, but at the same
time there are populations of stunted Dolly Var-
dens in many of these same streams lhiving ahm:fe
impassable falls. DecLacy and Morton .(1945) B
found in the Karluk drainage system during the »
late spring that while the majority of t}lt& Dnll}' 1 )
Varden charr were making their annual pilgrimage i i
to the sea many could still be found in fresh water -
in the streams tributary to Karluk Jake. Accord-
ing to Bigelow and Schroeder (1953) the eastern
charr, Salvelinus fontinalis, seek salt water In ihe
full after the breeding season and remain there
over winter. Speaking specifically of the strean}s |
on Cape Cod, they state that the sea tr{-:-ut oo down
to salt weter in November immedmt-ell}f after -
ﬁpnwn-ing, to winter there. The chm:r begmkf:ﬂhruﬂl: |
again in April, and all of them are in brackish or
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fresh water by mid-May. The. arctic charr, 8

.
1-
EE T

alpinus, has a more northern range than exther:
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malma or fontinalis, and its habits vary from thﬁg'l.-';_-.--%
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arctic charr tends to be a resident fish, oceurnig ..

cspecially in lakes at high altitudes. Even as for =

north ss the Karluk River it 1s a resident ﬁsh._i )
DeLacy and Morton state that only on rare occé ]
sions is the aretic charr encountered in the viver .

below Karluk Lake, and specimens are seen In sﬂl.t_
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water still less frequently. .
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He states that—

The local inhabitants were gquestioned and were of one
acoord in their accounts of the spawning habits of char.
The:y xtafed that quantities of char wore netterd along the
coast during Lhe rarly summer bt that the eatoh deereased
during August and only an oceasional apecimen was oh-
fained nt later dates. The fish begin to move into the esty-
aries of the large rivers in late July and early Angust and
wre congregated at the head of tide by late Auvgust, Evi-
dently some time is apent in this brackish water before the
fish nseend the rapids into the fresh-water system. The
ancent i8 made, in gencral, during g spring thigh) tide or
during periods of heavy rainfall which swells the rivers,

The adult chur leave the lakes as soon ag the shore ice
disappears.  Kven before the ice breaks np ou Lthe open
lakes the char may be scen erowding along the flood waters
near the shore in the rivers. The Fskimos did not Know
how long the young char remained in fresh water, but it is
probable that at least one year i spent there prior to their

- first migration to tho sea,

In the genus Salmo, which includes the Atlantic
salmon, the steelhead salmons {or trouts), and the
sea trout (Loch Leven trout), the seagoing habit is

~firmly established; at the same time, all of these

specics have forms that are resident in fresh wator.
Furthermore, the presumably anadromous forms
of Salmo are all perfectly capable of maturing and
reproducing in fresh water. This is true even of
the anadromous form of Atlantic gsalmon, S. salar—
millions of sea-run young have been stocked in
fresh-water lakes, and they mature and grow as

._ well a8 the landlocked form.

The Atlantie salmon is probably the most truly

* anadromous species of Salmo in that almost ull of

the young normally make a definite downstrean:
migration. In the other species, many of the young
may elect to remain in fresh water, never becoming
thadromous. This is well exemplified by the plant-
g in Maine of S. trufta. For vears many plants
¥ere made in the Orland River of so-called Scoteh
4 trout, supposedly nn anadromous form of &
frufte sometimes called S, trutta trutta or S
levenen sis by taxonomists, This resulted in the
%casional return of a few sea-run fish but also in
the cstablishment of tresh-water angling for brown

In other rivers, such as the Sheepscot, the

:.&;* . ) ;
In the Hudson Bay region, as in central Alﬂﬂk"i@%p l““““g of brown trout, sometimes classified as S.

the arctic charr oceurs at low p.lwnti:.}nsi Spruleﬂlu‘?...
(1952, pp. 11-12) foundt landlocked charr in a smaa .

lake without an rdequate outlet, but in gencral the. '

:ong i iai Iy, 5
charr populations in the area visit the sea regular "5

-

2 angling,
ANe sea trout. Similarly, on the Pacifie coast there

Julle fario, has resulted not only in frosh-water

but in the return of quite a number of

& Are some resident fish i practically all steelhead
sRreams, rogardless of whether the specices is Safma

Rirdner] or 8, clarks.

The fresh-water forms of the anmiramons
salmonids normally use 2 lake as 0 mininture BOH,

aseemding its tributaries (o spawn.  These nd-
fluvial (see Rounsefell and Fverhart, 1953, p. 33)
species usunlly are smaller than their anadromous
eounterparts on aecount of the more restrietod
diet (Blair 1938), but otherwise their life histories
are very similar, even to the acquiring in many
lakes of the same oversll silvery sheen charncter-
istic of salmons at sea. In refutation of this idea
some have pointed out the habit of the landlocked

salmon Salme salar sebago of often spawning in
lake outlets.  IHowever, it should he noted thet

the anadromous salmons and trouts alse spawn

helow lake outlets.  This is the usual praclice of

the sockeye (Oncorhynchus nerka) helow Chilko

Lake on the Chileotin tributary of the Fraser,
and it occurs below lakes in Alaska. The fry

upon emerging from the gravels of the spawning

redds must swim upstreamn to reach their nursery

luke. This is contrary to their actions in the lake

tributaries, and the factors that defermine w hich
direction the frv will swim are not vel understood.

This upstream movement of great numbers of
newly emerged sockeve fry has been observed as g
massed living band moving upstream from the
lower Babine River spawning grounds into Nil-
kitkwa Lake and from the upper Babine River
spawning area into Babine Lake (Johnson 1956).

Since in some places the frv move downstream
and in others upstream, it is difficult to COMpPro-
hend how their movement can he wholly direeted
by any such phvsical fuctors as temperature or -
current. It might be suggested that these newly
emerged frv, which must seok food immediately
or perish, will move upstream in the usual situa-
tion of lake-outlet spawning streams. Thoese ont-
Int. streams usually have a gentle current, and
just below the lake they would contain sufficient
ptankton for the frv to commenece feeding.  Such
active movement in hours of light if directed up-
stream  toward the oncoming plankton might
overcome any downstream drift during hours of
darkness, especially since the fry emerge at a
senson when daylight hours substantially exceed
those of darkness.

Whether the dwnrfed, fresh-water forms of the
basie species of salmonids are the result of genetie
characteristies or of environment has been a1 lenst
partially auswered in the case of the sockeyve.
There are in reality not two, but three, forms of
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sockeye, all of which may be present in Lhe same
Jake. One t(vpe is the anadromous form; the
socond is the dwarfed, landlocked sockeve, called
variously kokanee, little redfish, or siver trout;
the third tvpe, discovered first in Cultus Lake by

Ricker (1938, was termed by lnm “residual.’”
.3 '

Presumably  these residlun]  sockeve are direct
Jescendants of anadromous parents. The resid-

anl sockeve ddiffer from the kokance in several .

respeets.  They remain o dull ohve gray at
muturity, whereas the kokanee show the bright-red
bodv and green head characteristic of the mature
anadromous form.  1u Cultus Lake, the kokanee
spawn  early in August anid  September; the
rosidunls spawtt from Oetober to December, like
heir snadromous progenitors. The residuals are
predominately male. .

Ricker suggests in a further paper (1940) that
the kokanee populations have been derived from
anadromous fish in geologically recent times, the
rosidual sockeve representing a step In this
process.

The question of whether the kokanee is a
sepurated species or merely a variant of the
anadromous form was answered by Foerster
(1947). He reared young kokanee and in the
spring of, 1934, when they were 3 to 4 inches in
jength, he marked nearly 64,000 of them by
removing their pelvic fins.  The fish were fiberated
n Sweltzer Creek, the outlet of Cultus Lake,
below the counting fence so that they could not
cwim into the lake, but would either have to
remain in the stream or descend toward the sea.

None of the marked kokanees were recaptured
in 1936 when they would have been in their fourth
vear and were expected to return, as most of the
anadromous Cultus Lake sockeye mature in their
fourth vear. In 1937, however, in their fifth year,
exnmination of 37 percent of the Fraser River
commercial cateh (756,000 out of 2,225,000 fish)
revealed 25 of the marked kokanees had returned
fram the sea, and 17 more had returned to the
counting fence at Cultus Lake. These fish were
all fully grown and of a swe comparable with that
of the usual 5-vear-old Fraser River sockeye.

Further experiments on the kokanee were per-
formed as part of the Grand Coulee salmon reloca-
tion program on the Columbia River from 1939
to 1942.0 In n personal communication Hanavan

I Mitrhel; #3. Hanavan and Lennard A, Foiton. 17. A, Fish and Wildlite
Servier, mmniescript,

slates that Vake Wenatchee, during those years,
supported a large population of kokanees wn-
formly about 7 to 8 inches in length at malimty.
Thoir mature eolor was & dull olive green, though
rarcly & red individual was observed on the
spawning grounds. None that might be classed
as residuals were observed. '

In this study of Columbia River salmon, Hana-
van and Fulton performed three marking exXpen-
ments. In the first cxperiment, 22,000 Lake
Chelan fingerling kokanee were marked and
released in the Entiat River, resulling in one
adult recaptured in the commercial fishery in its
fifth vear. In the second and third experiments,
[ake Wenatchee kokanee were used.  The 29,000

marked fingerlings in the second experiment were

relensed in Icicle Creek, a lower tributary of the
Wenatchee River, resulting in 79 adults recovered:
2 in their third vear and 76 in their fourth. In
the third experiment, 60,000 young marked
Lokanee were released in Lake Wenatchee, their

‘home” lake. Of these, 302 were recovered 88 *
son-run adults: 3 in their third year, 287 in their °

fourth, and 12 in their filth.

Contrary to the Cultus Lake kokanee, the see-
run adults from these experiments were smaller
than the normal sea-run stock &t maturity.
Females averaged 2.4 to 2.7 pounds compared

with 3.1 pounds, and males averaged 2.6 to 28
pounds compared with 3.4 pounds for marked ses- .

run stock.
These experiments indicate that the kokanet

sockeve have retained the ability to live a manm¢
existence and find their way back to their natal
stream.  Surprisingly enough, their sizc at matu
rity was only slightly less than that of the normsl
son-run stocks. Although the difference in size

may be genetic, the chief genetic differenct

between the two forms would seem to lie in the
propensity toward anadromy.

'here appears, thus, to be some tendency toward
lacustrine existence in all anadromous populations
and some tendeney toward anadromy in all lacus

trine salmonids.  The presence of adfluvial populs-.
tions in the headwater lakes of river systems maf

woll be of ereat advantage 1o a species by furnish ¥ viglg . \ .
- " tohlish® i,!l a rather satisfactory basis of classification.

ing sufficient seaward migrants to recs

anadromons populations after streams have beed L f

obstrueted for a considerable period.
Returns from seaward migrants of the abunda

=5
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kokanee populations would appear to be the onlY o~
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logical source for the large number of adult sea-
run sockeye that have attompted at various times
to ascend the tmpassable falls below Lake Chelan
or the high dam on the Similkameen River in
western Washington.  Chapman (1941), who ob-
scrved these migrations in 1937 and 19%8 writes
that young, dnﬁj\stre&m sockeye migrﬂ.n;s were
reported in an irrigation diversion that takes off
from the dam in the Similkameen River. The
, unIiy source of such migrants is the kokanee popu-
lation in iLEI:}{E Falmer, above the dam.
In M:‘une, oceastonal Atlantie salmon are found
slemptling to pass dams that have been impassa-
b!e barriers for many years. Their source has been
disputed, many believing them to be merely strays;
. bowever, it is the writer’s belief that at least the
Iargn? share of such strays are progeny of salmon
- restding in the lakes upstream from the dam. The
. fact that for many years young Atlantic salmon of
. lnaflrnmﬂua parentage were stocked in most of the
- Maine lakes already populated by landlocked
talmon may have even intensified the tendency

for a small percentage of the young to descend
- - to the ses,

DEGREES OF ANADROMY

Befﬂr_e' we can measure -the degree to which
these different salmonid species are anadromous
we must ‘ﬁrst establish some eriteria. The fullﬂw:
- Wg six criterta have been used in this analvsis:

- 1. Extent of migrations in the sea. T
Tl Duration of stay in the sea.

i+ 8- State of maturity attained at sea.

.. 4. Spawning habits and habitat.

s 2. Mortality after spawning.

- 1% 6. Occurrence of fresh-water forms.

Eaﬂh_ criterion has been subdivided into as many
@icgories as appears feasible from our present
~knowledge. The category signifying the most
- g"“ﬂdmma}us condition has been given a weight of

' In, _l:hﬂ least significant a weight of 0, and the cate-
p fories  between the two have been  assigned

4 ¥eights which are, of course, subjective. Al-

.

;—rrv.-n.l-

.
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_%’f{imﬂugh this met-hﬁml can be criticized on the
trounds of not being truly quantitative, it does

:’frhﬂpﬂ its chief fanlt lies in the inabilitv to deter-
¥ e the relutive merits of each of the six criteria.

< T itert ; '
# The criterin, the categories (with assigned
in parentheses) arranged in the order of

N L.
e
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decreasing anadromy, and the species assigned
to each category are as follows: -

Criterion 1.—Extent of migrations in the sea.

Cntggury a (10).—Migrate several hundred
miles from their home streams and large nulﬁ+
bers occur very far offshore. Oncorhynchus

‘ keta, O. nerka, 0. gorbuscha.

The occurrence of these species in abundance

far offshore was demonstrated by Barnaby (19525

and Fukuhara (1953, 1955). )

Category & (8).—Migrate long distances, but
are not ubundant far offshore. OHn{:rhy;tchus
tshawytscha, O. kisuteh; Salmo selar.

It may .he noted that these three species are
more piscivorous than the preceding species
iwhmh may somewhat affect their remaining E]USE;
inshore where more of the smaller pelagic fishes
would be encountered. ; I.

Category e (6).—Migrations chiefly coastwise
somewhat less extensive than in the precediné

r categﬂries. Salmo gairdneri, |
- The rainbow steelhead is occasionally taken at
sea (Fukuhara 1955, Snyder 1921), and they are
often captured in salmon traps, even &lnn-é the
outfer coast.

Category d (4).—Migrations coastwise, chiefly
estuarine and usually short. Salmo frutia:
Salvelinus alpinus, S. malma. ,

See Grainger (1953), Sprules (1952), and many
authors not cited concerning S. trufta in Eumpi;.

Category e (2).—Migrations in sca very shorl.
Salmo clarki; Selvelinus fontinalis.

N?uve (1949, p. 21} says of 8. clarki in the
Cowichan River on Vancouver Island, that “In
the neighbourhood of the river mouth the cut-
t-hrm.a‘ts ]?‘H‘d 8 characteristic estuarine existence
moving in and out with the tide. Up-river
migrations occur in avtumn and spring . ., 7

In snu_t.hea;stern Alasks, the salmon traps take
many rainbow steetheads, Salmo gairdneri, and
often take Dolly Varden charr, Salrelinus maima
but cutthroat steelhead, S. clarki, are ra.rnl;ﬁ:
(‘&pt-}tr(-{_l even though they may be caught by
ﬂnz:;lmg in many southeastern Alasks streams,

_I‘ha_n- castern charr, Salveltnus fontinalis, like-
wise'Is chicfly estuarine. Doan (1948) savs that
they descend Hayes River into Hudson Bay in
the autumn, and in the winter can be rm]ght
through the ice at a distance of 7 or 8 miles out
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from the shore. |
wandered 8 or more miles from the

and ascended other streams. |
"Category f {0).—Rarely or never in ffh:a 8eA.
Salvelinus oquassa, S. aureolus; ("ristivomer

namaycush.

White (1942) says that some
ir home stream

—Duration of stay in the sea.

Category ¢ (10) —Entire life spent in the sea
and intertidal zone. Oncorhynchus gorbuscha,
(. keta (intertidal pnpul&tinus). ,
Pink salmon, Q. gorbuscha, spawn _Elfmﬂ%ﬂf“lll}‘
in intertidal gravels m which the aﬂl}mt-}' in the
redds al high tide may reach u muqumum ufr 30
pari{s per thousand (Hanavan anfl i‘nku:d, 1914)£
Hanavan slated (personal mmmunm‘at{un} t':;]nl
chums, 0. keta, also commonly spawn in mtertl ﬂ.d
sream avens and live; and that ui'eil-deve%ﬂp;:
chum eggs were turned up several times while he
was digging in intertidal stream gravels. -
Category b (3).—All young enter the sea im
mediately after emerging as fry and remain
antil mature. GHE{{Thth;LS gorbuscha, O.
-t (upstream populations).
It.kis uéusll}* considered that pink- and chur}n—
snimon frv commence feeding pfter they rf:-tﬂ.ch the
sea, but’ there must be some doubt on t-t‘us point.
Pink-salmon fry hatching over 250 miles fmlin
the sea abhove the Hells Gate Canyon of t 3
¥raser have & long journey to reach the sea, an
prﬁsumably would feed en route. The s;mlne
reasoning applies with more fnrce to some Pn;::;} a,:
tions of chum salmon. Gilbert and (’Malley

(1921) state that chums spawn as f:u: 23 2,?12}1{1
miles up the Yukon. It would seem impossidie
for the voung to make their descent to the sea
withmutvfeeding. It s well ]:LHEIWH that ‘chum'-
salmon fry stocked in a lake will feed ‘ii'ﬂl‘E:mCl{]LISlI},
grow quickly, and furnish excellent fiy ﬁshmg.r n
the Egegik River system, nhum-ﬂn}mup ﬁnggr ings
are reported (personal commumncation, reorge
J. Eicher, Jr.), which presupposes & long feeding
period in fresh waler.

That pink-salmon fry do feed 1 '
sven in short streams, 18 indicated by the observas-

tions of Clinmberlain {19{]7)_, whao Ett}tes thn_t, f f[;w
have been found to contain remains of insects,

jnrvae, and crustaces.
Category ¢ (8).—
descend fo the ses
Onrorhunchus ishawytscha.

Criterion 2.

i fresh water,

FISHERY BULLETIN OF THE FISH AND

apawning King
kings, especinl .
running parents (whic
stream) remain in the s
descending as smolts.

of kings

-A high proportion of the young
before their first wimter.

WILDLIFE SERVICE

This category appiies cspecially to the fall-
sailmon. However, many young
ly those hatehing from spring-
h usuaily spawn far up-
treams over winter before

These latter populations
more properly belong in the next category.
—-Majori f voung migrate

Category d (7). —Majority o ¥¢
aeaward following the first winter. Oncor-

hynchus tshawytscha, 0. 'k’ifsu-tch. .

All young enter the sea with the exception ol &
few pfemcinua males of 0. {sfmwytschm that 'Il‘n;:y
mature at a very small size in fresh water. Lhis
applics both to the silver, 0. kisutch, and the sllfrm;g}-
running king, 0. tshawytscha. A very sma prh
portion of the adult silvers taken in Bnits
Columbia went to sea as fry, only 22 out r:rf Biﬁ_lﬁ
fish aged (Pritchard 1940); 5¢'1 leftin their t"rd
vear, 2 left at some undetermined older age, a0
all the rest left in their semnﬁd year, Thl_s nvcragu;
age of smolt migrants veres gﬂﬂgraplllcnﬂy. .]
am informed (personal communication, George J.
Eicher, Jr.) that the
galmon matures in its
in its fourth, i. ¢, at an
predominant 3. found in
Columbisa fish.

Category e | *
the sea after their first winter, but some ma¥

" elect to remain In fresh water as re

0. nerka.
These young anukeyt |
which elect to remain in fresh

dominantly males.

fifth year and goes to sea

Washington and British

soa after their first winter

until mature, but some

in lakes as mnormal [res

o salar.

Thseaf::::ﬂdmmnus form of S. salar apparen‘ﬂ}'

comes casily adapted to an Fdﬂ}wml EJE;IE:'
judging from successful rehabilitation of &

populations 1n New York State using eggs

sen-run parents {(Greeley 1955).
dovs not mean that S. 3. sebago MAy

genetically from the present sea-fusn stocks,

does indicate that the transposition

to adfuvial is relatively easy.

' i tegary
laced in the preceding category tf
I:iﬂll .5 obviously more difficult, judging from

differences between the kokanee, Oncorh

]

age of 5, instead of the ¢

" in the lagoon or the lower portion of Lhe stream, safter

Lo "".ﬂ"\-'\l'\r"ﬁ-"':-e-"-.

oy e d T

SR :..-'I.

average Dristol Bay gilver *

{5).—*'Mﬂ.iﬂl‘it}’ of the young enter . *
siduals. :

- %h sea at all.

-water are pre:t
‘% nadromous and the other permanently resident

Category / (5).—The young normally enter the_i: '. I fresh water, basing his conclusious: largely on
ategor? : F

and remain thert g

may remain behind Ebows” tend to spawn in smaller tributaries and

h-water residentﬁ__?i._ +
=0 size of the fish he designated as rainhows.
be ¥

£

o

g Jears at the Manchester, lows, station of the U. S,
from ._Flﬁh and Wildlife Service (Ratledge and Cornell,
This, of cours £1953; Carbine 1953) showed absolutely no differ-
not, diff¢ ¥
but ¥
from sea-l ¥ations,
For the sockertd 1
the {ranspof
& Temain in fresh water.

ynchui v

e
g
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kennerlyi, and the residual sockeye in fresh water
whteh derive directly from sea-run stock. In this
category, as m all of the preceding catepories, the
fish (o not ordimarily reenter fresh water until
they return as aduits on their spawning migration.
Calegory ¢ (4).—The young enter the sea after
the first winter and usually remain at sca
until mature, which may take from 1 to 2 or

3 years. Selmo gairdnert, 8. clarks.
Anadromy is optional and resident fresh-water
individuals oceur in practically all streams with

- anadromous stock. Whether there is anv inheri-

teble difference in those that develop at sea and
those remaining in fresh water has long been. the
subjcet of much controversy. Neave {1944) be-
- heves that there are two strains of Salme gairdnert

“m the Cowichan River, British Columbia, one

snadromous and the other resident. However,
the existence of two strains of S. gairdnert in the
tame waters may depend largely on there being a
wifficiently large leke in a stream system to en-
courage the development of an adfluvial strain.
Shapovalov and Taft (1954, p. 158) state,

While the salmon {0. kfsuich) go to sea almost immediately,
swme of the [youngl steelhead remain for a whole season

which some move out to sea, while others make an up-
nream migration and then a second downstream migra-
tion. While most of the steelhead go to sca before ma-
turing, some fish of both sexes spawn before going to sea,
vhile stili others complete their life cycles without going

¢ of anadromous parentsge "’ Briggs I(1953) agrees with Neave thal two types

of §. gairdneri occur in the same streams, one

the idea of spatial isolation, since the smaller “rain-

I shoaler water. No data are riven on the age
" Experiments to test the pure strain of “rain-
kow" trout that has been propagated for over 30

(fce in the migratory tendencies of the Manches-
¥ sirain compared to nonpure strains from other

. Category A (3).—The majority of the young
enter the sea after the first winter, but some
A portion of the young
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that enter the sea mav reenter fresh water
before matureily.,  Salmo elorki, 8. iruita,

Category 1 (2).—The majority of the voung

enter the sea after the first winter, but some
remain it fresh water.  The young that enter
the sea normally return to the siream before
maturity, and may visit the sca more than
once hefore thev attain matarity.  Sulvelinus
fontinalis, 8. malma, 8. alpinus,

The annual visit of & portion of the population
to the sea is in the nature of a feeding migration,
The return migration (usually eomposcd of both
immature and adult fish) is often made many
monlhs before the spawning pertod and the adults
may continue to feed.

Wilder (1952) has defimitely established that in
the Moser River, Nova Scotia, the sea trout and
fresh-water trout constitute one taxonomic unit.
He also found that & much larger proportion of the
fish migrated to sea from Mill Brook, which con-
tams & few shallow lukes, than from the main river,
which contains several deeper, cooler lakes. This
agrees with the findings of White (1941), that
S. fontinalis moves downstream slowly at low tem-
peratures. With a temperalure varying between
0° and 5° C. from April 17 to 28, 1949, only 142
trout moved downstream and of these 36 reversed
thetr direction, while from April 29 to May 11 with
the water temperature varying from 5° to 11° C.
more than 700 trout descended and only 6 ascended
the stream. Wilder concludes that if descending
trout encounter cold bodies of water their tendency
to migrate is inhibited. This scems to indicate
that they are seeking cooler water. If they find
a cool lake they may remain instead of continuing
to the sea. This behavior is in accord with the
comparative upper-lethal-temperature tolerance
of 8. fontinalis and other salmonids discussed in
a following section,

According to Bigelow and Schroeder (1953)
the vastern charr, S, fontinalts, on Cape Cod go
down to salt water in November immediately
after spawning and return in Apnl, with all of
them being in brackish or fresh water by mid-May.
However, the same species in Nova Scotia ap-
parently behave in very similar fashion to the
Dolly Varden charr 1n central Alaska, White
(1940, p. 176) says,

Smolts, kelts, and nonmature Inrge fish descend in May
and carly June to the aca, to remain feeding in the estuary
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oF noar the shore,  They began (1039 to :EE}‘II{I the river
in Iate June, and 93 pereent of the “run’ wns an .[ttl}'. ‘
These trout agree with the local zalmon in having
anolts thit beeame silvery before migration uml. that are
2 op 3 yverrs okl Trout smolts andd kelts renuvin in the aes
only :1imut two months befare returning to fresh water,

Safpelinus malma, the Dolly Varden ﬂhﬂt:l',
usually descend to the sea in May and return n
Tulv ot Karluk, but in smaller streams, especiadly
(huse without lakes, T believe that both 5‘(&1111%1&1141
adults may spend the winter in salt water. Fhus
- Ketchikan Creek in southeastern Alaska I hE‘LVE“-
inken  immature Salmo gairdners by angling
throughout the winter in the deeper holes and log
jams but never saw & Dolly Varden. In the carly
summer Dollv Varden of all sizes can be seein
entering the mouth of the creek in advance of t-h.e
snlmon runs. Fred Cleaver (personal communi-
cation) quotes Robert Vineent of the {’&lﬂﬁka De-
partment of Fisheries as saying that m 1956 on
Afognak Island Salvelinus mui‘ma EIjlirEPH[l Big
Kitoi Creck in the fall, spawned m mikd-October,
and retreated to the sea before winter. IF. thus
would appear that the season and dur&.tmn of
S malma is dependent partially on
latituwde (probably relative and actual se and
stream temperatures) and partiaily on the size and
phvsical characteristics of any particular sircam,
sinee in small streams toward the north wnter
survival may be difficult unless the stream con-
tains u deep, accessible lake. |

Category j (0).—This last group COMPTISES

species that seem to have become thnrfruglﬂ}f
adapted to life in freshh water. Rarely, if ever,
does an individual visit the ses. Salvelinus
oquassa, S. aureolus; (ristivomer namaycush.

marine life for

Criterion 3. -State of maturity attained at sea.

Category a (10).—Maturity of gonads usually
vervy advaneed, often before the fish enter
frosh  water. Oncorhynchus gorbuscha, O.

ketar.
Category b (8).—Maturity of gonnds advanced,
ws fish ocoter fresh water. Oncorhynchus

ivhawyischa, O. keta. | |
This category applies to the fall-apawning king,
0. tshawytscha, and s few of the chums, 0. keta,
that make long migrations, |
Category ¢ {6).--Gonads maturing as the up-
stream migralion commences. (ncorhynchus
Lisuteh, spring-run 0. tshawytscha.

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Category d (4).—Eggs usually not in advanced
stage of maturity when fish rench fresh
wutor.  Oneorhynchus nerka; Salmo gairdnen,
S satar, S. clarki, S. trufle.

Igg maturation in fresh water may rvquir&: Y
fow weeks to a8 long as several months.  For
instance, over three-quarters of the Quinault
Lake sockeye, (). nerka, reach the lake before July
7. and some start ascending the river as early as
January (Rounsefell and Kelez, 1938;'1). 75&%}
vet ’{.-hl‘:‘-},' spawn in the fall, after maturing thelr
éggs in the deep, cool waters of the lake. The
necessity for cool water in which to mature the
epga may account for the fact that n:ml}f- sﬂc}wye
running Inte in the fall usually spawn In rvers
below lnkes, since the water temperatures below
the lakes in midsummer are rather high_, Thins
the U. S. Bureau of Fisheries placed a weir across
the Ozetie River, on the outer Washingi.-r{n coas!
in 1026, to hold sockeye for the hatcheries, 'but
the fish, which practically all &scmuiecﬁ! the; river
before July 1, could not survive holding In the
river, which derived its flow from the surface
waters of Ozette Lake.
sockeve, 0. nerka, which1sa lacustrine anadrormous

form with smaller eggs than the four fluvial anad-

romous Oncorhynchus (Rounsciell 1957).

All of these fish move into streams en & Spawi-
ing migration even though the gupads are Hﬂldﬁl:ﬂ
‘n an advanced stage of maturity d!;lrmg this
migration. Thus in the Pencbscot Kiver alduit
Salmo seler commence runming in late April or
May but these early arrivals spawn,
with those ascending later, in the late autumn.

Category ¢ (2).—Gonads may Vary from 1M :»x
s The upstresn §

mature Lo slightly mature.
migration may include returning voung #
well as adults and may .
time of spawning. Salvelinus fontinalis, S
malma, 8. alpinus.

Concerning 5. malme, Evermann and Golds .“
the upstreal of -

borough (1907, p. 266) observeil
migration of Dolly

Pablof Falls in Pablef Crerk, Chichagof Island, 0% 5 vones a jittle fillip with their tails . . .

Thev state that the ovarnes

r] “1:\' 25,
adl

were quite small and immature,

. . ¥}

evidently not their spawning scasou.

Category

sen.  Salvelinus oguassa,
pomer rnamaycush.

This stage includes the -

together -
bear no relation 10

Varden chayr of all sizes s 5

i -

this ws f

(0).—No adults returning from th'
S. aureolus; (rint

- g 1y
. B [T, . . .
r._-\.- - ) R .-'.' ' T
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~ Criterion 4.-~Spawning habits and habitat.

Category e (10).—Spawn successfully in the
intertidal zone. Onecorhynchus gorbuscha, O.
kela,

Category b (7).—Spawn in streams where there
13 flowing wiater. All specics of Oncorhynchus
snd Salmo; \Salvelinus fonlinalis, S. malma,
S. oquassa.

Cooper (1940), savs of S. oquassa, the blueback

. charr, that “It was seldom seen except when
it entered streams in (Jetober to spawn.”

Category ¢ (3).~—Lake spawners that construct

aspawning redd and bury their eggs in sirmlar
fashion to the stream spawners. Oneorhynchus
nerka; Salvelinus alpinus, 8. fonlinalis, S.
aurenfus (7).

For S. aqureolus the available information on
spawning (Bailey and Oliver, 1839) indicates that
they spawn on shallow reefs in Lake Sunapee

“ within the 10-foot contour. There is no infor-

- mation as to whether they construct a redd as

.. do the other salmonids, with the exception of
- Cristivomer.

i' Category d (0).—Lake spawners that do not

construct a spawning redd. C'ristivomer na-
Maycush.

i,

b= -,

i

- This category differs from category ¢ in that the
¢ fpawning adaptation to fresh water is so complete,

md the urge to make an upstream spawning mi-

= gration so completely lost, that the fish not only
4 spawn in the lakes, but do so without eonstructing
-4 sredd (Royee 1951). Regarding the selection of
% v spawning site Royce says (p. 66) that as the
% fish make no attempt to bury the eggs, the bottom
'-4.“_ must have crevieces into which the eggs can roil,

¢ and that the location of these suitable areas of

b

S
B
F

:i,f:h'ﬂttﬂm in the lake is primanly determined by
g turrents or wave action which keep the bottom
.{.ﬁﬂ'ept clean. Quoting from Roycee (pp. 68-70),

fﬁ The writer has found no evidence that lake tront select

{33 luke bottom supplied with spring water for the deposition
& of their egps . . . .

_ No nest or redd was built. The males spent their time
# tiising along close to the bottom, oceasionally giving the

This activity
tleaned several hundred square feet of bottom . - .

-
3
F

. No tendeney towards ovipusition in any definite place

. the spawning area was observed. The trout mated at

1§ andom over the area eleaned off, and there was no attempt
l'"‘ cither sex to bury the eggs . . .,
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There 1s apparently at least one race of Crisfi-

pomer namayeush thal is adfluvial. Dymond
(1926, p. 68) says,

It is said that there exizis in Lake Nipigon a sort of lake
trout known loeally ad “‘black tront,” which useends some
of the rivers, notably the Bturgeon river, at spawning time,
This form . . | seldom attaining more than four or five
pounds in weight. . . . It is & fact, however, that very
dark trout, all of medium size, do enter the Sturgeon river
at spawning time in large numbers. They also spawn
earlter than the trout which spawn in the lake, usually
beginning about September 20.

No mention is made of the spawning behavior
of this group of lake charr, so0 we can only assume
that they spawn without building a redd.

. Criterion 5.—Mortality after splawn'ing.

Category a (10)~—All die soon after spawning,
including fresh-water stocks. All speries of
- Oncorhynchaus. | .

Catcegory & (5).—A few anadromous adults die
soon safter spawning; subsequent survival of
the others is very low. Salmo salar, 8.
gairdneri.

Category ¢ (0).—Spawning does not have &
drastic effect on survival. Salme clarki, §S.
trutta, all species of Salvelinus; Cristivomer
namaycush.

Criterion 6.—Oceurrence of fresh-water forms.

Categorv a (10).—No natural fresh-water pop-
ulations are known to exist. Onecorhynchus
gorbuscha, 0. kela.

Category & (9).—No natural fresh-water popu-
Intions are known to exist, but adults will
mature and spawn in fresh water with very
limited success. Oncorhynchus tshawytscha.

Category ¢ (8).—Fresh-water populations are
rare. Oncorhynchus kisuich.

Category 4 (7). —Fresh-water form 1s common,
but young of anadromous stock remaining in
fresh water are chiefly males and differ from
fresh-water stock. Oncorhynchus nerka.

Category ¢ (5).— Fresh-water forms are com-
mon; the voung of anadromous stock in
streams normally enter the sea with the ex-
ception of precocious males,  Anadromous
stock will formm normal adfluvial fresh-water
populations, bul not fluvial populations.
Salmo salar. |
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Ciitezory £ ()0 -Fresh-water forms are very
common, some of (he voung of awndromous
stock usually remain in sireains fornnng flu-
vinl populations.  Salmo gairdneri, 8. cdarks,
&, trutte; Salvelinus malma, S. fontinalis, 8.
TS,

Cutezory g (0).---No anadromous forms,  Sal-
velinus oguassa, S. aureolus; (ristivomer na-
m{aycmh

" 1tis of interest that when the species of Sal-

monidae are plotted (fig. 1} according to the six

criterin just considered (see also table 1), each of
the four genern occupies a distinet area in the

degree of anadromy exhibited.

PTABLE 1.~ Degrees of anadromy of normal populations of -

North American Salmonidae

[According to six criteria, pp. 174 to 179]
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Fiorae 1 —8peries of North Awmerican Balmonidar classi-

ficdk by degree of anadromy (based on table 1),

of the populations are anadromous.
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The fact that the four genera of North Ameriean
Salmonidae oceupy successive pesitions i theip
propensity toward anadromy may be of phyloge-
netie significance and should not be ignored m any
sludy of heir imterrelationships,

RELATION OF ANADROMY TO LATITUDE

A rathier inleresting aspect of anadromy in the
North Ainerican Salmonidae is the effect of lati-
(ude on the degree of anadromy. Different. spe-
cics inhabit different ranges of latitude, but within
each speries there scems to be a greater degree of
anadromy toward the north. Starting with the
lake charr, Cristivomer namaycush, we find that

the only records indicating this species may oc-
casionally visit the sea are for Ungave Bay in the

Arctic and Naknek River in Bristol Bay, Alaska.

The arctic or alpine charr, Sulvelinus aipinus, 18
known as the sea trout in the Arctie, where mosl
It has been
little studied on the Pacific coast, where 1t may
easily be confused with the Dolly Varden charr;
but in the Karluk River, it is lacustrine in habit,
only occasional individuals going to sea. On the
Atlantic coast also, toward the southern end of 1ts
range, the anadromous form of . alpinus 1s nol
found, but there arc fresh-water groups, such as
S. oquassa, S. aureolus, and S. marstoni, that are
cither fresh-water counterparts of S. a,!p'i-n-uﬂ oF
closcly related forms,

For the eastern charr, the northern pﬂpu!ﬂtmus
are also more anadromous, since m the southern - :
part of its natural range it 1s confined to the cooler -
mountain streams of the southern Appalachians,
In New Englund ‘anadromous S. fﬂﬂfmn}ia QCCurs
in many rivers on Cape Cod and in Maine.
Farther north, on Prince Edward Island and 1.

the southern drainage of Hudson Bay, n large .

§ there is always the possibility of some voung of a
'_ fermally anadromous fish being trapped in the
% deeper waters of a lake at the time when they

-I.q'

share of the populations visit the sea

For the genus Salmo the vﬁdmwu is not 80
clear that lﬂtltlld(‘ affeets anadromy., Landlocked
S salar occur in lakes in New Kngland, New-3
foundland; eastern Canada, and Labrador. That ¢

s, the ranges of the lmu]iﬂrkvd and anadromous §
The steelhead eutthroat, 8.4

l'nrms are Siminr,
elark?, oceurs only in the anadromous form n 11_!'

northern portion ‘of its range in Alaske.
The fact that Safmo gairdneri and S. clarke lm\'

F temperatures of the lakes in summer; any spring

i‘; ;

-

ANADROMY IN NORTH AMERICAN SBALMONIDAE

anadromous populntions of Salvelinus appears (o
he related to their being definitely more southern
in general distribution and thus able tothrive in
witers too warm for Salvelitnus.  Salmo clarki dooes
nol oceur in western Alaska, and S. gairdneri
avoids the colder situations. Thus, S. gairdneri is
shsent [rom the Egegik and Ugashik Rivers, the
coldest of the main Bristol Bay rivers (personal
rommunication, George J. Eicher, Jr.).

It 18 interesting to note that the kokanee,
Oncorhynchus nerka kennerlyt, is not recorded from
any of the Alaska sockeve lakes. It does occur
in Skilak Lake, in Cook Inlet (personal communi-

cation, George J. Eicher, Jr.).

Island and in the Puget Sound region.

The kokanee does occur in a number of the
Fraser and Columbia River lakes and even in
many of the coastal lakes, both on' Vaneouver

This poses

_an interesting question, namely, What are the
- factors in the environment which militate for or

© specles,

]

'

|

'\1

L

; sgainst anadromy? One factor may be tempera-

ture. The salmonids as a group are cold-water

Those that live in the surface fresh
waters in the north must, farther south, spend the
summer months in the hypolimnion of the lakes.
In southern waters, they cannot exist in shallow
lekes that lack a therm0c11ne or in deep lakes in

_which the oxygen of the hypolimnion is la,rgp]y
exhuusted during the summer.

- Because in the southern part of their ranges
- ome species are unable to tolerate the surface

.migration from the lakes must take place before
nummer stratification develnpa There 18 much
‘ranatmn amorg lakes in the date of the estab-
lshment of a thermoeline and in the rapidity
with which it forms. Because of this circumstance

-thould migrate seaward. Such occurrences mnot

ncommonly happen to anadromous sockeve
pﬁpu]atmns in the southern part of their range,

~ Whether the trapping of anadromous voung

. ln & thermocline has any bearing on the existence
; nf fresh-water forms of & species is not vet fully
;. ' ]med
anadromous Pﬂplllatmlls far Lo the south of H“r

undoubtedly it favors the existence of
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the resilual form of the sockeve discussed by
Ricker (1938), but whether theae regidusl popula.
tions are the potential progenitors of lundlorked
forms is uncertain.  Ricker poinis oul that such
an origin for the kokanees is not ouly possible but
highly probable. He shows several respeels in
which the kokanees differ from the residuals, one
of the most significant being that of their resistance
to certain fresh-water parasites. This resistance
must be of genetic origin, but if it can be estab-
lished by selection, rather than mutation, there
18 no reason to doubt that the kokanee may have

originated independently in many different local-
ities,

RELATION OF ANADROMY TO LETHAL
TEMPERATURES

The temperature tolerance of yoirng Salmonidae
bears an interesting and significant relation both
to the degree of anadromy exhibited by the various
species and to special adaptations in their life
histories. Table 2 and figure 2 show the upper
lethal stream temperatures for the young of several
species. The data for Oncorhynchus (except ken-
nerlyr) are {rom Brett (1952, p. 305) and the
temperatures for the other species have been
estimated cither by the difference in their regres-
sion hines from that of Q. keta in figure 26 of Brett
(taken from Fry, 1947) at 1,000 minutes, or from
Black (1953). |

TABLE 2.—Upper lethal temperalures for young Salmonidae
in freah waler

T ema

Uhiimate Estimated
Genug and spectes apper kethal | upper lethal
tempera- terpera-
tare €2 G | ture {° C)
Cristiromer; namaycusd_ __. . . ... .__. I i} 1232
Salpetinua: fonlinadie_ .. ... _____ 1 __________._. 194 32
Salmo:
trulla. e Y28 5
geirdneri kemlovpe, .. ... V287
T e e 1361
Omcorhynchua,
Cehoeylacha_ . ____________.__ e pi 1 T O S
Rtattoh . e v 5N |
PR e e e e e aas 2. 4 .
erka kemmerdpi__ ___________ i} N B 123 9
BOTEN . e 249 | ...
kebm__ __ . __.. ... e e 238 . ... ...

1 Froimm Broett (1952, p. 305).

¥ Derived from figare 26, Breit 1052 (after Fry, 17) by temperature differ-
enee in regression lines at 1,000 minutes from regression line for 0, keta,

" From Black (1953); represenis total mortality In 24 huure {for Ash aceh-
meted at 11° C.

{ Estimpted from Black (1953} a8 being 0.5° C. kawer for 11° C. soclimat lon
Lempweratare and 3055 moria Ity in 24 hours than Jor O, merke, ap shawn In
figure 6 of Brett {) '
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v o ' in the southern limits of their ranges. For in-

run of kela, some weighing 20 to 26 pounds, in’
stance, Sanyder (1031, p. 16) says, pounas, 1n

the Mackenzie in 1914, and in 1930 one¢ was
aptured _5 miles below Fort Smith in the Slave
River, tributary to the Mackenzie. Kennedy

and in the more scutherly distribution (except at
high altitudes) of Salmo and the two species of

Begides the king aalmon, three other species enter On-cﬂrhunr:a'nm—ntgha‘wytsdm and  kisutch —S8pectes

Klamath River to spawn, namely, the gilver saalmoen

ATk
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Fiavag 2.~ The uppeor lethal temperatures for the young
of certain species of North American Salimonidac in
fresh water, (Temperature in degrees Centigrade.)

In those Salmonidae with the lowest upper-
temperature limits, Crstivomer namayeush, On-
corliynchus kete, and (). gorbuscha, the voung stay
in ool water, In (ristivomer this is accomphshed
by keeping in the cool stratum of the lakes, which
means retreating to the hypeolimnion during
swamer, vspecinlly In more southerly latitudes.
In Oneerhynchus gorbuscha and Q. keta the young
emerge from the redds quite early in the spring
and immediately descend to the sea, thus avoiding
high, summer stream temperatures,

It will be noted that although O. nerka exhibits
a lower degree of anadromy than kisufeh or tshawy-
tseha {fig. 1), the young of nerke have distinctly
the lower upper-temperature tolerance. This
intelerance to higher temperatures fits in with the
fact that nerka is lacustrine anadromous rather
than fluvial anadromous: the young upon emerging
from stream redds seek a nursery lake in which to
grow. Only lukes that are femperature stratified
in summer aupport runs of nerka in its southern
range. In the few instances in which young
sorkeye do not enter a lake, such as the stock
spawning in Harrison Rapids in the Iraser River
system or the “creek” sockeye found in a few
British Columbia streams, the young descend to
the sea as fry after the manncr of kefe and gor-
buscha,

The young of Oncorhynchus kisutch and O.
tshawyischa have a  much-higher temperature
tolerance than the other members of the genus, as
the young of kisutch and = fair proportion of those
of tshawytseha live in the streams during the
summer months.

These differences in tolerance of the four fluvial
anadromous species of Oneorhynchus are reflected

are seldom secn and the fishermen are not familiar with

gration being later than that of the king salmon.

(Oneorhynchus kixuich), the hnmpback (). gorbuscha) angd

1856) reporis a chum salme : ,
the dog salmon (. keta}. The humphack and dog salmog { P i taken in Great

: Slave Lake. Dymond slso mentions that Borisov

them. The silver ealinon veeur in large nunbers, the mie - (.1?23) notes & ﬂhulm salmon taken in the Lena
River of northern Sibenia.

- That members of the genus Salmoe cannot
+ tolerate as cold situntions as the other genera is
_indieated by their comparative distribution. On
“the Pacific coast, S. elarki does not extend beyorud
. wutheastern Alaska and S. gairdneri is absent
fom the colder rivers of Bristol Bay.

The king salmon is abundant as far south as
the Sacramento River, and the silver salmon
occurs in smaller coastal strenms south to Monte.
rey. However, the steelhead rainbow, Saime
gairdnert, regularly inhabits the coastal streams

of southern Califorma—Shapovalov und Taft

- : - Onthee ide of t y :
(1954) sayv from the United States-Mexico bound- | ﬁﬂ,ﬂm D;ﬁg;ﬁ:‘;ﬁ;gf t;“?; c“;‘t'l:f‘-ﬂfu? Salvelinus
ary, or possibly even from Baja Cahfornia northe < P E v i Istand, but Salmo salar

ward. This is in keeping with the upper lethal wly to the Koksoak River in Ungava Bay (Dunbar

. sndt Hildebrand, 1952) and in ve
temperatures for the young of Salmo saler, 8 ' west Greenland. ) in very small numbers

trutta, end S. gairdneri kamloops—all of which are " A most gief
. | : S am ignificant feature of the lethal tempers-
the other genera. " . _ _ per
higher than for any species of 6 sure lmats found in the various species is the

The anadromous cutthroat, Salmo clarkt, accord- 'manner in which these limits affcet the life

ing to Snyder (1940), ranges only as far south s {tistories. For instance, it has already been noted

Mad River, north of San Francisco. DeWil g4 corvetinue alpnus, 8. fontinalis, and S, malma

(IIBM) h?;l L?'-Ktendﬂfl Tm :ﬁnfe ﬂLght:F : t; ’fJi:tE:: Zae all I'P.gl.llﬂxl' visitors to the sea in the northern

River. s suggests that the upp b Fyert of their ranges, but toward the southern end

temperature for the young of clarks may be some- g0 j5y, upper-temperature tolerance confines

w_hat Jower than for the young of S gmrd:ﬂ:"?. .Qﬂiem to the cooler waters found at higher altitudes.

Since the tolerance for the anadromous (. ner L

higher than for the adfiuvial 0. nerka kennerly, 1,?« SUMMARY

it is probable that the upper lethal temperature §: ! - - o

. al:mdrummla o gairdﬁifi may similarly be §; The Salmonidae are very plastic and exhibit all-
. glegrees of anadromy. Six eriteria have been used

higher than for the adfluvial S. gairdners kamioops. h classify them according to degree of anadromy.

Brett’s regression curve (1952; hig. 261 for S‘ﬂﬂ'-_ i1} Extent of migrations in the sea (2) duration
linus fontinalis did not parallel regression CUrv®s gy 00 1) 41 sen, (3) state of mntilrity attained
for the other species, in that it had a steeper slope. i sca, (4) spawning habits and habitat, (5) mﬂf—
Therefore, the upper lethal limit could not b % ity after spawning, and (6) m-.t-.u;'rence of

obtained with the same degree of assurance. ssh-water forms.

However, the 1"3‘1315‘-”55.l“"jﬁi_t’i':"rl of S. f;’"nti“?mm: "'.'.Ga;ging' the degree of anadromy by ithese
undoubtedly correct, since it cannot tolerate M- Wyjiorio wocl) of the four gencra oceupies a different

summer temperatures in the main portions of many ke, Oncorhynchus is the most anadromous
!

streams thickly pDPUI&t.Ed with t%lﬂ parr of Saimd _Hlﬂwing in decreasing degree by Salmo, Salvelinus
salar. In such situations fontinalis seeks ¢ dyq nrpe o0 ’
cooler, spring-fed tributaries. ¥ In general, within = species the degree of
The lower limits of lethal temperaturces are ol adromy is greater toward the northern end of the
so well defined as the upper, but in general ther Prectes’ range. |
must be some correspendence between Lh?m. The  The length of time the young of several species
only species of Oncorhynchus in the Aretic Ocerd fue oxposed to high stream temperatures is closely
are gorbuscha and keta. Thus Dymond (194.0} Mlated to their upper-lethal-temperature toler-
records both gorbusche and keta from the mouth fice.  This is reflected both in the short stream
of the Mackenzie River. e mentions & ﬂ“t'“bh_-'_ e of species of lower tolerance to temperature

- I; .1. .
¥ -
- X
F ] .".- "
1
i
(N 2
Ir -1
=

which show greater temperature toleranee.,
Species with the lowoest upper-lethal-tempera-
Lure tolerance probably have also the lowest lower-
lethal-temperature tolerance, since they range
farther north—Oncorhynchus gorbuscha and O. keta
mto the Arctic Ocean, Salvelinus alpinus in Baffin
Island, and Cristivomer in deep Arctic lnkes.
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